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Abstract 
Brazil is a country where the use of hydroelectric power for energy generation reaches the impressing amount of 70 % in 
terms of electricity consumption, whereas the world average is around 16 %. The current  installed capacity in Brazil is 
approximately 114 GW, with an estimated total potential of 260 GW. The construction of reservoirs is associated with 
several environmental impacts, both of positive and negative nature. In the first group the most relevant are: energy 
production, employment generation, enhancement of water quality in the transformation from lotic to lentic ecosystems 
(turbidity reduction, higher water transparency, nutrients sedimentation and decreasing of eutrophication processes 
downstream), expansion of working posts offer during the construction of power plants; supply of reliable low cost 
energy to the region and substitution of diesel based thermoelectric generation by hydroelectric generation. The main 
impacts of negative nature are changes in water quality, people relocation, changes in the structure of the aquatic 
community, loss of genetic patrimony (flora and fauna), slopes destabilization and climatic alterations, including those 
related to the emission of greenhouse gases. In this sense several researches are currently being carried out in the country 
with the aim of quantifying the main emissions of CO2, CH4 and N2O. Eutrophication processes may also be developed 
in inundated areas, leading to the eventual presence of cyanobacteria. These organisms pose a special concern to 
Brazilian health authorities, since this was the first country to report human deaths caused by cyanotoxins (city of 
Caruaru, 1996). Another relevant aspect related with dams design is the possible creation of the so-called low flow 
reaches, downstream the reservoir. These river stretches should be kept with a minimum water flow (ecological flow), 
whose sound calculation is still subjected to some uncertainties. The paper  presents a balance of the positive and 
negative environmental aspects of the construction and operation of hydroelectric reservoirs based on the large 
experience accumulated through research and consulting projects developed at  Universidade Federal de Minas Gerais. 
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1. Introduction 
     Our current civilization, characterized by a high degree of consumption, constitutes an extremely low 
entropic level system, which needs a huge amount of energy to keep itself stable. This level is maintained 
due to an intense use of the energy extracted from the environment. Thermodynamically speaking, if nothing 
is done, the energy resources will be exhausted in the medium run, causing serious and irreparable 
environmental degradation. As the cost of oil and the environmental impacts of its use as a source of energy 
are increasing, the path towards renewable sources of energy becomes more and more attractive and 
necessary. It is widely known that hydropower is the best developed and by far the most important form of 
renewable energy, playing also a major role in the achievement of the Kyoto targets. 
 
     The production of electrical power through the use of the gravitational force of falling or flowing water 
experienced a growing demand after the Industrial Revolution. At the beginning of the 20th century, many 
small hydroelectric power plants were being constructed by commercial companies in several parts of the 
world. As the power plants became larger, their associated dams developed additional purposes to include 
flood control, irrigation and navigation. Hoover Dam (Colorado River-USA), with its initial 1,345 MW 
power plant was the world's largest hydroelectric power plant in 1936; it was eclipsed by the 6809 MW 
Grand Coulee Dam (Columbia River-USA) in 1942, followed by Itaipu Dam (Paraná River), opened in 
1984 in South America (Brazil/Paraguai) as the largest, producing 14,000 MW but surpassed in 2008 by the 
Three Gorges Dam (River Yang-Tsé) in China at 22,500 MW.  
 
     Hydropower plants can be classified, according to the height of effective head, in low, medium or 
high. The power extracted from the water depends on the volume and on the difference in height between 
the source and the water's outflow. There are internationally no very accurate definitions for the 
classification of the types of heads. In Brazil, according to [1] high head plants are those whose heads are 
higher than 150 m. Those up to 15 m are low head plants and the ones whose heads range between these 
two values are considered to be medium head plants. Most of the hydroelectric projects in Brazil lie 
within the latter. Regarding power generation there is following structure in the Brazilian legislation: 
conventional hydroelectric plants: > 30 MW; surface area > 3 km2; small hydroelectric plants: 1-30 MW; 
surface area ≤ 3 km2; micro hydroelectric plants: < 1 MW. Run-of-the-river hydroelectric stations are 
those with small or no reservoir capacity, so that the water coming from upstream must be used for 
generation at that moment, or must be allowed to bypass the dam. In this case the water retention time is 
very low, what is a positive factor regarding the prevention of eutrophication process. 
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2. Hydropower generation in Brazil 
     Informations about amounts of energy generation and the corresponding energy sources in a 
worldwide pattern may be found in several official websites as well in NGO websites related to the 
subject. One of the most reliable references is the International Energy Agency [2], which publishes 
updated numbers of energy matrix. The exact figures are however difficult to be estimated, since there are 
marked temporal variations in these informations. It is not the purpose of this paper to deal with possible 
accurate numbers, which may be subject to variations according to the used reference.  
     Brazil's energy matrix uses the most renewable energy sources in the industrialized world, with 45.3% 
of its energy being generated by water, biomass, ethanol, wind and solar sources. It is worth remembering 
that the world energy matrix is composed of 13% renewable sources in the case of industrialized 
countries, falling to 6% among developing nations [3]. 
     The installed capacity in the country in the first semester of 2011 was 114.22 GW, with following 
distribution [4]: Hydroelectric dams: 69.91 %, Thermoelectric plants: 26.2 %, Nuclear: 1,76 %, Wind: 
0,88 %, other sources: 1,25 %. Hydroelectric power represents hence around 80 GW. This means that 
approximately 70 % of Brazil's electrical energy comes from hydroelectric power plants. Average value 
in the world is 16 % [2]. There are currently 176 large plants in operation in the country and 402 small 
hydroelectric plants. These numbers show that Brazil is one of the leading countries in the world 
regarding hydroelectrical participation in the total production of electric energy. Other countries with very 
intensive use of hydroelectric generation are Norway, Venezuela, Canada and Sweden.  
     The forecast in the Ten Year Energy Plan is that Brazil will have 71 new plants by 2017, with a 
potential output of 29,000 MW, 15 being in the Amazon basin, 13 in the Tocantins-Araguaia basin, 18 on 
the river Parana and 8 on the river Uruguay. The 28 power plants planned in the Amazon region have a 
total installed capacity of 22,900 MW. 
     Brazil uses hydroelectric power from the late 19th century, but the 1960 and 1970 years marked the 
stage for increased investment in the construction of large plants. Brazil now has the second largest 
hydroelectric power plant in the world (after Three Gorges, China, 22,500 MW). Opened in 1984 after a 
bilateral agreement with Paraguay, the Itaipu Dam has currently an installed capacity of 14,000 MW, with 
20 generating units. This is enough to supply about 80% of all the electricity consumed in Paraguay and 
20% of the demand in Brazil. 
     In the Amazon basin the largest plants under construction are: Belo Monte (River Xingu): 11,233 MW 
(will be the 3rd largest in the world); Jirau (River Madeira): 3,300 MW and Santo Antonio (River 
Madeira): 3,150 MW. The Jirau and Santo Antonio plants use bulb turbine technology, which reduces the 
need to flood and, consequently, some negative effects, such as the displacement of local populations, 
land expropriation and other environmental impacts.  
     The five largest Brazilian dams under operation are: Tucuruí (Tocantins River): 8,370 MW; Itaipu 
(Brazilian part) (Paraná River): 7,000 MW; Ilha Solteira (Paraná River): 3,444 MW; Xingó (São 
Francisco River): 3,162 MW; Paulo Afonso (São Francisco River): 2,462 MW 
     All hydroelectric projects developed in Brazil should present a detailed Environmental Impact 
Assessment before the construction/operation approval by the State Environmental Agency. This report 
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covers the description of the project, the survey of physical, biotic and anthropogenic aspects of the area 
of influence of the project, the study of the possible environmental impacts as well as the proposition of 
measures for their mitigation. Before the approval of the Environmental Impact Assessment there is the 
need of the implementation of Public Audiences in order to evaluate the position of the local community 
with respect to the construction of a hydroelectric dam in the region.  
3. Positive impacts from hydropower generation 
     The main positive impacts derived from the installation of hydropower plants are summarized below. 
 
Energy production 
The mere substitution of diesel based thermoelectric generation by hydroelectric generation seems to be a 
marked economical and environmental advantage. The cost of operating a hydroelectric plant is nearly 
immune to increases in the cost of fossil fuels, such as oil, natural gas and coal. Moreover hydroelectric 
plants have long economic lives, with some plants still in service after 50–100 years. Operating labor cost 
is also usually low, as plants are automated and have few personnel on site during normal operation. 
 
Employment generation 
The installation of large hydropower plants causes a clear expansion of working posts offer during the 
construction phase. This may have a significant impact in the economy of developing countries, which 
usually face underemployment problems.  
 
Enhancement of water quality 
The  existence of a dam leads  to turbidity reduction,  nutrients sedimentation and decreasing of 
eutrophication processes downstream [5].  
 
Avoiding CO2 emissions 
Since hydroelectric dams do not burn fossil fuels, they do not directly produce carbon dioxide. While 
some carbon dioxide is produced during manufacture and construction of the project, this is just a very 
small fraction of the operating emissions of equivalent fossil-fuel electricity generation. This extremely 
positive impact of minimizing greenhouse gas emissions by the use of hydroelectricity is found especially 
in temperate climates. In this sense hydroelectricity also avoids the environmental constraints related with 
coal mining as well as the indirect health effects of coal emissions. In comparison with nuclear power 
there is no generation of nuclear waste and no dangers associated with uranium mining and eventual 
nuclear leaks.   
 
Other uses of the reservoir 
Reservoirs created by hydroelectric projects often provide facilities for recreation and may become tourist 
attractions themselves. The use of aquatic systems for recreation purposes is one of the most legitimate 
demands of populations that live nearby lakes and reservoirs. However a comprehensive risk analysis 
should be carried out in order to allow the implementation of an appropriate infrastructure for recreational 
activities. Guidelines from the World Health Organization [6] give an extensive overview of the main 
constraints related with this kind of water use. These aspects present special relevance in the case of 
tropical regions in our planet where the demand for recreation comes together with a general lack of 
financial resources for an appropriate evaluation of recreational risks. Aquaculture in reservoirs is a 
common feature in many countries, allowing a quite cost-effective source of proteins for the population. 
In Brazil all large hydroelectric plants are supposed to implement practical researches regarding the 
development of the most appropriate fish species to colonize the reservoir.  The created reservoirs may 
also act as water supply due to the already mentioned enhancement of aesthetical aspects of water quality. 
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The sedimentation of suspended particles and the reduction in turbidity values may minimize the costs 
related with water treatment. Large hydroelectric dams can also control floods, which would otherwise 
affect people living downstream of the project. Finally the formed reservoirs can be used for irrigation 
purposes, what has a valuable meaning in many regions of the planet. 
4. Negative impacts from hydropower generation 
     The most relevant negative impacts caused by the construction of hydropower plants are presented in 
the next topics.  
Changes in water quality; besides the already mentioned favourable factors for the water quality, there 
are also some constraints related with changes in the structure and function of the aquatic environment. 
The main concern is the possible onset of eutrophication process due to a drastic increase in the average 
water residence time of the water body (transformation from lotic to lentic environment). Eutrophication 
is the excessive growth of aquatic plants, either planktonic, attached or rooted, at such levels as to cause 
interference with the desired uses of the water body. The submersion of large areas of land may 
contribute to the accumulation and release of nutrients (nitrogen and phosphorus) originated from the 
flooded biomass. The following are the main undesired effects of eutrophication [7,8]: recreational and 
aesthetic problems: reduction of the use of water for recreation, bathing and as a general tourist attraction 
due to the frequent algal blooms, excessive vegetation growth, disturbances with mosquitoes and insects, 
occasional bad odours; anaerobic conditions in the bottom of the water body: the increase in productivity 
of the water body causes a rise in the concentration of heterotrophic bacteria, which feed on the organic 
matter from algae and other dead microorganisms, consuming dissolved oxygen from the liquid medium. 
In the bottom of the water body there are predominantly anaerobic conditions, due to the sedimentation of 
organic matter and the small penetration of oxygen, together with the absence of photosynthesis. With the 
anaerobiosis, reducing conditions prevail, leading to compounds and elements being present in a reduced 
state: iron and manganese are found in a soluble form, which may bring problems with the water supply, 
phosphate is also found in a soluble form, and may represent an internal source of phosphorus for algae, 
hydrogen sulphide may also causes problems of toxicity and bad odours; occasional  anaerobic 
conditions in the water body as a whole: depending on the degree of bacterial growth, during periods of 
total mixing of the liquid mass (thermal inversion) or in the absence of photosynthesis (night time), fish 
mortality and the reintroduction of reduced compounds from the bottom onto the whole liquid mass could 
occur, leading to a large deterioration in the water quality; occasional fish mortality: fish mortality could 
occur as a result of anaerobiosis (mentioned above), ammonia toxicity. Under conditions of high pH 
(frequent during periods of high photosynthetic activity), ammonia may be present in significant amounts 
in its free form (NH3), toxic for the fish, instead of the ionised form (NH4+), which is non toxic; greater 
difficulty and increase in the costs of water treatment: the excessive presence of algae substantially 
effects the treatment of water abstracted from a lake or reservoir, due to the necessity of removal of the 
algae themselves, colour removal, taste and odour removal, higher consumption of chemical products, 
more frequent filter backwashing; problems with industrial water supply: elevation in the costs of 
industrial water supply due to reasons similar to those already mentioned, and also to the presence of 
algae deposits in cooling waters.; water toxicity. impairment of water for human and animal supply due to 
the presence of toxic secretions from certain algae (e.g. cyanotoxins). The effects of the possible release 
of cyanotoxins are potentialized in tropical climates, since warm water conditions may accelerate the 
dynamics of the eutrophication process [9]. In this sense global warming may favour the onset of 
cyanobacteria blooms [10]. A deep concern is dedicated to cyanobacterial blooms in Brazil, since it was 
the first country in the world to register human deaths in a dialysis unit caused by the presence of 
cyanoprocaryota toxins [11,12]. Blue-green algae or cyanobacteria are primitive microalgae with plant 
chlorophyll. These ancient and remarkable organisms may inhabit diverse environments, and have long 
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been recognized as a water quality problem in lakes and reservoirs due to their potential toxicity and 
capacity to impact off-flavours to drinking water. Consequently many water utilities are concerned about 
controlling cyanobacteria input to the treatment plant. Cyanobacteria present a range of characteristics 
that give them a clear competitive growth advantage over planktonic algae in certain environmental 
conditions {13,14,15}. They are not favoured by high light intensity and require little energy to maintain 
cell structure and function. Moreover some species present a buoyancy regulation capacity due to the 
possession of gas vacuoles within their cells. This is important in avoiding light damage in high-light 
environments, such as tropical lakes, or in gaining access to light in turbid or low-clarity water. 
Cyanobacteria are also able to store phosphorus (luxury uptake), what is useful to allow continued growth 
under conditions of fluctuating nutrient concentrations. They are also poorly grazed by the zooplankton, 
since they are not a preferred food for this aquatic community; reduction in navigation and transport 
capacity: the excessive growth of rooted macrophites interferes with navigation, aeration and transport 
capacity of the water body. All these effects may present a higher magnitude in the case of tropical 
reservoirs, which, due to their geographical localization and the inherent climatic conditions, tend to 
present some typical features [16]: intense solar radiation and high water temperatures accelerate nutrient 
uptake by the algae; phytoplanktonic population peaks are less frequent in comparison with temperate 
aquatic systems; high nutrient assimilation capacity, associated with enhanced recycling rates, lead to the 
prevalence of an intense degree of productivity; since nutrient concentrations, specially dissolved 
phosphorus contents, are usually low, many water bodies can be classified as oligotrophic in spite of their 
high productivity; sometimes low phytoplankton densities may be associated with high growth rates; high 
mineralization rates lead to an accelerated oxygen depletion and to the formation of sediments that are 
very poor in organic matter; consequently there is no direct connection between hypolimnetic oxygen 
deficit or content of organic matter in the sediment and the water body productivity. 
Low flow reaches: In some hydroelectric projects, there is the need of keeping a minimum flow in the 
former river bed, in case the position of the dam and the power plant impose a different flow for the 
power-generation. There is currently a worldwide discussion about the requirements for defining the so-
called environmental flow, i.e., the minimum water flow that may guarantee the adequate development of 
aquatic life and the corresponding water uses [17]. In many countries this value is not constant, but rather 
depends on the characteristics of local hydrograms [18, 19]. In Brazil the most marked example is the low 
flow reach of Belo Monte Reservoir (Xingu River, Amazon region, 3. largest in the world in energy 
generation), which stretches for approximately 100 km. A minimum water flow has been here imposed in 
order to maintain adequate conditions for water transport by the local indigenous population.  
Emission of greenhouse gases:  GHG emissions from reservoirs at the global scale are subject to large 
uncertainties, and there is a strong need for more observations and better understanding of the processes 
included. Simulation models may play an important role in understanding and analysing any changes to 
the GHG emissions due to the construction of a reservoir in a river basin. A comprehensive guide for 
evaluation of greenhouse gases emissions in man-made freshwater reservoirs may be found in [20]. CO2 
is produced in oxic and anoxic conditions in the water column and in the flooded soils and sediments of 
the reservoir and is consumed by aquatic primary producers in the euphotic zone of the reservoir. CH4 is 
produced under anaerobic conditions, primarily in the sediments; a portion will oxidized to CO2 by 
methanotrophic bacteria in the water and sediments under aerobic conditions. Similar conditions may also 
cause the formation of N2O (nitrous oxide), which has a very high potential for global warming 
interference (310 times more intense than CO2). It is assumed by the World Commission on Dams that, 
where the reservoir is large compared to the generating capacity (less than 100 watts per square metre of 
surface area) and no clearing of the forests in the area was undertaken prior to impoundment of the 
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reservoir, greenhouse gas emissions from the reservoir may be higher than those of a conventional oil-
fired thermal generation plant.   
People relocation: another disadvantage of hydroelectric dams is the need to relocate people living where 
the reservoirs are planned. This impact may be reach a high magnitude in the case of large flooded areas  
in densely inhabited regions. In several cases this is the main constraint in the Environmental Impact 
Assessment in Brazil, since the organized civil society is represented in the corresponding committees 
that judge the approval of the referred studies.   
Outflow temperature: the water of a reservoir is usually warmer in the winter and cooler in the summer 
than it would be without a dam. As this water flows downstream, the altered temperature also affects the 
temperature of the river. This impacts the plant and animal life present in both the reservoir and the river, 
often creating environments that are unnatural to some endemic species.  
Siltation: this effect is particularly  relevant in the case of rivers with large catchment areas, subject to 
intense rainfalls, with erodible soils and high siltation process, as usually found in tropical regions. This 
configuration may fill large volumes of the reservoir, decrease the ability to produce hydroelectric power 
and reduce the capacity to control floods.   
Climatic alterations: the most striking example is the increase in evaporation rates and in the air 
humidity, specially in the case of large reservoirs. In semiarid and arid regions these processes may cause 
a drastic augmentation in water salinity. A rough calculation about the evaporation in the largest Brazilian 
reservoir (Sobradinho, São Francisco River, average area of 4,214 km2, evaporation rate of 2,000 
mm/year = 2000 L/m2.year) shows that the daily evaporation amount equals the daily demand for water 
supply in the whole country.   
Diseases:  reservoirs can become breeding grounds for disease vectors [21]. This holds true especially in 
tropical areas where mosquitoes (which are vectors for malaria) and snails (which are vectors for 
Schistosomiasis) can take advantage of the slow flowing water. Also during the construction of large 
reservoirs, workers that come from several regions of the country may bring vectors of contagious 
diseases, together with social disruption factors (criminality, drugs, prostitution, teenager pregnancy). 
Failure hazard: this unlikely, but theoretically possible, negative impact, due to poor construction or 
terrorism act, could be catastrophic to downriver settlements and infrastructure. 
Loss of genetic patrimony (flora and fauna): the flooding of large areas may impair the local biodiversity 
and reduce the biological genetic patrimony;  
Fragmentation of river ecosystems: dams may block fish migration to spawning areas, threatening to 
decrease reproduction numbers and reduce species population. The installation of fishladders or other 
corresponding structures (transport upstream via a barge or use of fish lifts) could minimize this problem. 
Permanent inundation caused by reservoir flooding also alters wetlands, forests and other habitats 
surrounding the river. Further ecosystem disruption occurs in areas surrounding riverbanks, which are of 
a particularly rich bio-diversity, supported by the natural flooding of a dam-free river. Dammed rivers 
reduce flood rates, and this has negative consequences on the floodplains downstream that depend on 
seasonal waters for survival.  
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Induced seismicity: this effect may pose a serious concern in some earthquakes sensible regions of the 
world. Even in earthquakes free countries, such as Brazil, earth movements of small magnitude may be 
observed in the region near the dam of large reservoirs. These effects are more pronounced during the 
first years after water filling. Slopes destabilization may also occur as a consequence of changes in 
ground water level. 
5. Conclusions 
The construction of hydroelectric dams is clearly associated with an array of both positive and 
negative environmental impacts. Some of them may represent real constraints for the installation of such 
structures, while others may act as a sustainable way for the local development. Since energy is widely 
need for almost all human activities, it is necessary to make a balance of pros and cons related with 
hydropower generation. No universal recipe can be here established, since regional peculiarities will play 
a striking role in the decision process. In the case of Brazil, which is the main subject of this paper, 
government, civil society, water users and scientific community are since many years deeply involved in 
this relevant discussion.  Under a broad point of view it may be assumed that the advantages generally 
prevail over the limitations and a solid trend of further energy generation by the installation of 
hydropower dams can be identified in the country. 
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